For many years intermittent recording of the fetal heart rate and the detection of meconium in the amniotic fluid have provided the Obstetrician with the only means of monitoring the condition of the fetus during labour. Although this system has the virtue of simplicity, the frequent appearance of a vigorous baby when acute fetal distress was diagnosed and equally the unexpected disappearance of the fetal heart sounds, have provided a constant reminder that a more precise tool was needed for diagnosing fetal asphyxia.
In 1962 Saling in Berlin described a technique for obtaining capillary blood from the fetus once the membranes were ruptured-fetal blood sampling. There is little doubt that this technique represented a major advance in obstetrics which even now has not been fully realised. For the clinician-the diagnosis of fetal asphyxia can now be determined biochemically, and for the physiologist-the fetus can be studied undisturbed in its natural environment.
Historical aspects
Oxygen lack has long been recognised as, and has remained, the major cause of death of the fetus. Early studies on arterial blood supplying the fetus revealed that the PO z was only 25-30 rnm.Hg. which led to the 'life on Everest' concept culminating in Raiha's (1941) famous, although incorrect, theory of partial anaerobis. Only recently has this concept been discarded by the demonstration that the supply of oxygen to the fetus is sufficient to meet the metabolic requirements of the fetus. Dawes and Mott (1959) found that the oxygen consumption of fetal lambs was similar to that of adults. In the human there is an increasing body of evidence to show that providing placental function is normal, the fetus does not resort to anaerobic metabolism, the major source of lactic acid in cord blood at delivery being the mother (Low, 1966; Derom, 1964; Vedra, 1959) .
It was Eastman in Baltimore between 1930 and 1932 and Noguchi in Japan whose classical studies on umbilical cord blood clearly described the biochemical nature of fetal asphyxia. They noted among a group of babies who at birth appeared to be asphyxiated that whereas the oxygen and carbon Paper read at National Joint Mectinll, London. February 1969. dioxide content of the cord blood varied widely, the hydrogen concentration was constantly increased due to this accumulation of lactic acid. Since then many studies have been carried out (James et al., 1959; Saling, 1962) which have confirmed the usefulness of acid-base rather than oxygen values as an index of the condition of the fetus and newborn.
The technique offetal blood sampling
Blood is usually obtained from the skin overlying the skull of the fetus, but may equally well be collected from the buttocks if the breech of the fetus is presenting.
A conical endoscope is introduced through the cervix until it is firmly against the fetus. A small area of fetal skin can then be visualised and isolated from the surrounding amniotic fluid and debris. The skin is cleaned with a cotton wool swab, sprayed with ethyl chloride to produce reflex hyperaemia and covered with a thin film of silicone gel to allow the blood to form into discrete globules. One or two small incisions are made into the skin by means of a guarded blade. Immediately a drop of blood appears it is collected into a glass capillary tube containing dried heparin. If required, up to 0.5 ml. blood can be collected from the fetus.
Much criticism has been levelled at the fetal scalp as a source of blood for accurate acid-base determination, because of the compression of the fetal skull in the pelvis and the possibility of contamination of the blood sample with amniotic fluid. In practice the pH of fetal capillary blood from a welloxygenated fetus has been found to be similar to that of umbilical vein blood (arterial) and nearer to that of umbilical artery blood (venous) in the asphyxiated fetus (Kubli, 1966) .
Normal fetal acid-base values
Serial collection of fetal capillary blood during labour has shown that the fetal pH varies very little until shortly before delivery when it tends to fall (Bretscher and Saling, 1967; Wulf et al., 1967; Kubli, 1968; Beard and Morris, 1965) . The acidaemia that develops at this time is primarily metabolic and is derived from the mother. Bretscher and Schmidt in unpublished work have recently shown that throughout labour the increase of lactic acid in 67 l8 the mother is paralleled by an equivalent increase in the fetus. Table 1 shows the mean acid-base and blood gas values of 18 fetuses who had serial blood samples collected through labour and into the first 24 h. of extra-uterine life. There was a fall in pH during labour, and it was only at 24 h. after birth that the pH of the newborn achieved adult values. There was a fall in oxygen saturation of capillary blood to values similar to those found in the umbilical artery at birth suggesting that shortly before delivery there is an increase in oxygen consumption by the fetus.
Abnormal fetal acid-base values
Hypoxia rather than anoxia most commonly affects the fetus during labour. The supply of oxygen tends to be reduced during the phase of uterine contraction and when this is associated with some reduction of placental function, the fetus develops an increasing oxygen debt as labour progresses. In this circumstance the fetus resorts to partial anaerobis and lactic acid then accumulates. The consequent acidaemia is primarily metabolic, often without a significant increase in PCO •.
In a study of clinical fetal distress Beard et al. (1967) found that the mean acid-base values of 35 fetuses that were clinically asphyxiated at birth were pH 7.11 ± 0.075; base deficit 12.9 ± 4.2 m-equiv.jl.; and PCO. 55 ± 10.5 mm.Hg. The authors considered that a fetal pH between 7.20 and 7.25 was suspicious of asphyxia, and a value below 7.20 was diagnostic. When faced with the decision as to whether the fetus is asphyxiated or not, allowance has to be made for the fall in pH that occurs shortly before delivery, and the occasional possibility that fetal acidosis may be due to maternal acidosis.
Clinical application offetal blood sampling
The technique has been used extensively over the last four years in a large maternity hospital delivering about 3,200 women a year. During this time all the obstetric house staff were instructed in the technique and in the determination of pH by the Astrup pH electrode (A.M.E.l).
It was obvious from the outset that it would not be possible to monitor all women in labour by the technique. For this reason the collection of fetal blood samples was confined to the following two groups of patients one or more times during labour:-1. Those presenting with an abnormal fetal heart or the passage of meconium (clinical fetal distress). 2. Those suffering from some condition known to be associated with an increased risk of intrapartum fetal asphyxia. The results of this study (Coltart et al., 1969) showed that before the onset of labour the pH of the fetus that subsequently becomes asphyxiated is always within normal limits before the onset of labour. Fifteen per cent of fetuses presenting with clinical fetal distress were found to have a pH of 7.25 or less, and clinical signs of fetal distress nearly always preceded fetal acidaemia.
Reliance on the pH rather than clinical signs of fetal distress in the management of the fetus during labour has affected clinical practice in the following manner: Firstly, the number of Caesarean sections performed for fetal distress has decreased. Secondly, the frequency of stillbirths from intrapartum asphyxia has been reduced. Thirdly, the paediatrician is now provided with objective evidence of the condition of the fetus so that at birth he can immediately undertake the correct resuscitative procedures which are based on the acid-base values of the fetal blood sample.
